The effects of level of supplemental Cr from high-Cr yeast on performance, blood chemistry profile, morbidity, and immune status were investigated using 84 Charolais-crossed steer calves in a completely randomized design. Calves of 236-kg average weight, after transportation from Saskatchewan to Ontario, were randomly assigned to four treat- 
Introduction
Calves that are weaned, marketed, and transported are exposed to excessive amounts of stress, which reduces performance and predisposes them to bovine respiratory disease or shipping fever. Recent advances have shown that the microminerals Zn and Cu are required at elevated levels to improve performance and immune response of stressed feeder calves (Orr et al., 1990; Chirase et al., 1991) . Increased urinary losses of Zn and Cu have been reported with markettransit stress, fasting, and infectious bovine rhinotracheitis ( IBR) virus infection (Orr et al., 1990 ). Various stressors have been shown in humans and mice to increase urinary excretion of Cr (Bore1 et al., 1984; Anderson et al., 1988) . Moreover, recent J. Anim. Sci. 1993. 71:232-238 research with mice (Schrauzer et al., 1986) suggested that supplemental Cr may prevent stress-induced urinary losses of Cu, Zn, Mn, and Fe.
Initial Cr research by showed a marked increase in weight gain and feed efficiency of calves fed supplemental high-Cr yeast during the first 28 d after their arrival at the feedlot. No effect was noted on performance during the later growing period, but a marked reduction in serum cortisol and an increase in total serum immunoglobulins were detected. These data suggested that Cr may be deficient in certain diets of stressed and possibly growing calves. This study was designed to further investigate the effects of different levels of supplemental Cr on performance, blood serum constituents, and immune status of stressed feeder calves.
Materials and Methods
Eighty-four Charolais-crossed steer calves, averaged 236-kg BW after transportation Saskatchewan to Ontario, were assigned to that from four Steers were individually weighed upon arrival and again at d 30 after a 24-h feed and 16-h water fast. Rectal temperatures were taken on the morning of d 0, 2, 5 , and 7, after feeding. Morbidity was determined using visual detection followed by rectal temperature checks. Animals exhibiting signs of sickness and possessing a body temperature 2 40°C were considered morbid. Treatment was a single i.m. injection of a long-acting oxytetracycline, Liquamycin (20 mg/kg BW, Rogar/STB, London, ON, Canada) on the 1st d. If on the 3rd d body temperature was 2 39.5"C, animals were deemed nonresponders and were treated with Micotil (1 mL/30 kg BW Tilimicosine; Eli Lilly Canada, Scarborough, ON). Blood was collected on d 0, 7, 14, 21, and 28 via jugular venipuncture under sterile conditions. After coagulation at room temperature for 2 h, samples were centrifuged at 700 x g for 15 min, and serum was collected and stored at -20°C.
Samples were analyzed for glucose, cholesterol, Ca, K, Mg, alkaline phosphatase, urea, and protein using a DACOS biochemistry analyzer (DACOS, Hialeah, FL). Serum cortisol was analyzed by RIA using a Gammacoat*>[ kit (Baxter, Travenol Diagnostics, Cambridge, MA) . Samples for white blood cell count (WBC) and hematocrit (Hct) were collected in 5-mL tubes that contained EDTA and analyzed using a Coulter S-plus counter (Coulter Electronics of Canada, Burlington, ON). Serum immunoglobulin isotypes IgG1, IgG2, and IgM were quantified using radial immunodiffusion kits ( RID; VMRD, Pullman, WA). Calves were immunized on d 0 and 14 after blood collection, with human erythrocytes ( HRBC) as outlined by Burton et al. (1989a) . Antibody titers to HRBC in heat-inactivated (56"C, 30 min) sera were determined using a direct microhemagglutination procedure (Burton et al., 1989a) . Animals were sensitized to dinitrochlorobenzene ( DNCB) (Sigma Chemical, St. Louis, MO) on d 19 following the procedure of Burton et al. (198913) . One week later, steers were challenged with DNCB in olive oil (4:l; wt :vol) and cutaneous sensitivity quantified measuring double skin fold thickness (Horpenden Skin Callipers; John Bull, St. Albans, U.K.) at the reaction site at 0, 24, and 48 h postchallenge. Percentage increases in skin thickness at 24 and 48 h at two sites (control and challenge) were determined.
Samples were taken of each feed ingredient before mixing. Silage was sampled daily and then pooled weekly. Soybean meal, ground corn, and premix were sampled each week and pooled. Samples were stored at -4°C and later freeze dried. After grinding, subsamples were analyzed for CP, Ca, and P (AOAC, 1984) . Individual feed ingredients, analyzed for Cr content, were wet-digested using microwave-assisted digestion followed by analysis using graphite furnace atomic absorption spectroscopy as outlined by , and Cr content of the diet was calculated.
The data were analyzed using the GLM procedure of SAS (1985) . For data that involved changes over time, a repeated measures analysis investigating quadratic and linear contrasts was performed. The experimental unit was the pen, and the error term for the F-statistic was pen within treatment. Linear and quadratic treatment effects were tested and a contrast, control ( 0 Cr) vs Cr was used. The level of significance used was P < .05. Initial values were used as covariates for analysis of serum constituents. All data were checked for normality and appropriate transformations were made. Morbidity data were analyzed using a logistic regression analysis (SAS, 1985) .
Results
Chromium supplementation increased ( P < .05) ADG by 27% for .2-and 1-ppm Cr levels (Table 2) . Over the 30-d trial DMI was increased ( P < .05) for the .2-and .5-ppm levels. Feed efficiency (gain/DMI) was not altered. One-third of the morbidity occurred on d 1 of the trial and two-thirds occurred by d 5 . Chromium supplementation reduced ( P < .05) morbidity during d 2 to 30; the .2-ppm level tended to be most effective. Rectal temperatures were lower ( P < .05) for animals that were fed Cr at d 2 and 5 .
A linear ( P < . 0 5 ) effect of Cr on serum cortisol occurred at d 28; values decreased as the level of Cr increased (Table 3 ). However, Cr had no effect ( P > .05) on serum cortisol on d 7, 14, or 21. Serum Ca was higher ( P < .05) at d 7 for animals fed supplemental Cr, whereas serum Mg showed a linear increase ( P < .05) over level of Cr at d 7. Serum albumin increased ( P < .05) linearly across treatments at d 7 and 21. Hematocrit increased ( P < .05) with Cr supplementation at d 14 and 21. Chromium supplementation had no effect ( P > .05) on other serum constituents.
Primary antibody response to HRBC was higher for Cr treatments ( P = .001) at d 14 (Figure 1 ). These titers tended to be highly variable; therefore, PROC univariate was used to check for normal distribution and data were transformed using the appropriate log t 1 transformation (Steel and Torrie, 1980) . Animals on all treatments exhibited anamnestic response t o HRBC at d 21 but no treatment effect ( P > .05) was observed. Levels of IGM and IgG2 were not affected ( P > .05) by Cr supplementation; however, there was a trend ( P = .06) for higher levels of IgGl in Crsupplemented calves on d 14 (Figure 2 ). Treatment did not affect ( P > .05) contact sensitivity to DNCB.
Discussion
Stressors encountered during weaning, marketing, transit, and adaptation to the feedlot are detrimental to performance (Lofgreen et al., 1975) as well as immune function of calves (Blecha et al., 1984) . Stressed calves are subject to increased mobilization and excretion of minerals including Cu, K, Ca, Mg, P, and Zn, which when supplemented, improve performance (Nockels, 1990) . Bull (19901, in a review of effects of trace minerals on immunity, concluded that deficiencies of Zn, Fe, Cu, and Se also result in a lowered resistance to disease. Steers entering a feedlot are often under nutritional stress due to conditions at the farm of origin, compounded by poor nutrition and fasting during marketing and transit (Phillips, 1982) . An associated problem is low DMI of newly arrived calves (Hutcheson and Cole, 1986; Chang and Mowat, 19921 , which was observed in this study. This may be due in part to fasting causing a reduction in ruminal fermentation for several days after refeeding (Cole et al., 1988) .
Studies with humans and mice have indicated that various stresses due to infection, strenuous exercise, or trauma have marked effects on glucose metabolism and increased losses of Cr in urine (Pekarek et al., 1975; Bore1 et al., 1984) . A deficiency of trivalent Cr may, therefore, occur in newly arrived feeder calves because of metabolic changes mediated by various stressors. In addition, Meriz and ROE < .lo; *P < .05.
found that the nutritional stress of a low-protein diet in rats increased the requirement for Cr. The diet fed in this trial contained 11.03% CP. This was relatively low compared with that recommended for newly arrived feedlot calves (13.5 to 14% CP; Cole, 1982) . Low protein content may have acted as an additional stress possibly aggravating the need for Cr. The improvement in weight gain and increase in overall DMI (Table 2 ) confirms earlier results with stressed calves supplemented with a high-Cr yeast . Steele and Rosebrough ( 19 9 1 ) found that inorganic Cr (chromium chloride) increased the 21-d rate of gain in turkey poults. Schroeder et al. (1965) also reported that supplemental inorganic Cr improved growth rates of mice and rats. Trivalent Cr is more readily absorbed and biologically active when complexed with nicotinic acid and possibly glycine, glutamic acid, and cysteine (Mertz et al., 1974) . This complex, termed the glucose tolerance factor ( GTF) , displays insulin potentiating activity (Anderson, 1987) . However, the proportion of Cr in the GTF form with the high-Cr yeast fed in this trial was not determined.
Corn-silage diets are common in Ontario feedlots particularly during the growing or backgrounding phase. Martin and Meek (1986) reported that corn silage produced a higher incidence of morbidity than did hay when fed to calves after arrival at the feedlot. In this experiment, supplemental Cr reduced morbidity of calves fed corn-silage diets (Table 21 , suggesting that Cr may be a limiting mineral in corn silage. Reduced morbidity with Cr supplementation is probably of greater economic importance than is temporarily improved weight gain. It is far better to maintain health and reduce infection, than to incur the cost of medication, labor, decreased productivity, and antibiotic residue problems. Schroeder et al. (1965) reported that Cr reduced mortality from an epidemic of pneumonia with female rats. Mertz and Roginski ( 1 969) also found that Cr supplementation reduced mortality in stressed rats subjected to the additional stress of acute haemorrhage.
Rectal temperatures were reduced by 5°C with Cr supplementation on d 2 and 5. By d 5, two-thirds of morbidity had occurred. Lofgreen ( 1 983) found that animals that entered a feedlot with elevated temperatures (39.4 to 40°C) had a higher morbidity. Zinc methionine also has been shown to reduce rectal temperatures when supplemented to IBR virus-infected feeder calves (Chirase et al., 1991) . A corresponding decrease in DMI was observed with increased rectal temperatures (Chirase et al., 1991) . The reduction in rectal temperature by Cr could explain the small increase in DMI, which might contribute to the decreased morbidity.
Supplemental Cr had no effect on serum cortisol until d 28 when a reduction occurred. If Cr is fed earlier during the stress period, such as at the sales barns, its action should be seen earlier. Previous studies showed that Cr reduced cortisol levels in growing steers supplemented with high-Cr yeast or chelated Cr (Chang, 1991) . Chromium present at its lowest supplemental level ( . 2 ppm), seemed sufficient to improve weight gain. However, with respect to reduction in serum cortisol, the highest Cr level ( 1 ppm) was most effective ( Table 3 ) . Reduced morbidity as well as increased weight gains could be due to Cr action via cortisol. Glucocorticoids promote hyperglycemia by stimulating gluconeogenesis and reducing glucose utilization during elevated insulin concentrations (Brockman, 1986) . Moreover, cortisol, the most important glucocorticoid, has been found to be immunosuppressive, inhibiting the production and actions of cytokines and antibodies, lymphocyte function, and leucocyte population (Roth and Kaeberle, 1982; Munck et al., 1984) .
Chromium may improve the humoral immune response of stressed feeder calves. Antibody titers to HRBC of steers fed Cr were higher on d 14 during the primary response to the challenge (Figure 1 ). Animals mounted a response to a fairly complex antigen (HRBC) and, therefore, might be expected to mount a similar response to viral and bacterial challenge. Carlson et al. (1980) found cattle to be poorly responsive to immunization on arrival and attributed this t o development of immunotolerance due to market-transit stress. Martin (1 983) concluded that most vaccines were ineffective in reducing respiratory disease under field conditions, when administered on entry to the feedlot. Chromium may improve effectiveness of vaccines, by improving immune function through reduced cortisol or through other mediators released by cells of the immune system. The increased production of immunoglobulin of the IgGl isotype at d 14 provides additional evidence that Cr stimulates the humoral aspect of immune response. reported an improvement in IgM and total immunoglobulin levels with supplemental Cr. The one aspect of cellmediated immune function evaluated in this study was the inflammatory response. Further investigation of cell-mediated function is warranted in the areas of differential cell counts and lymphocyte proliferation tests to elucidate Cr action on other components of cell-mediated immune function.
Chromium had no effect ( P > .05) on serum K, cholesterol, globulin, glucose, protein, urea, and alkaline phosphatase. Ruminants differ from nonruminants in their response to insulin as well as in the substrates used in biochemical reactions for storage of energy and oxidation (Brockman, 1986) . This may have accounted for the lack of responses with respect to glucose and cholesterol also noted by Samsell and Spears (1989) .
Limited evidence suggests that Cr may interact with other microminerals. During the initial 7 d in the feedlot, Cr may have prevented the stress-induced losses of Ca and Mg (Table 3) . Chirase et al. (1991) found that supplemental Zn increased serum Zn, P, and Mg in feeder calves at 7 d after challenge with IBR virus. This mineral interaction was also substantiated by Schrauzer et al. (19861, who found that Cr protected against glucose-induced urinary losses of Cr, Zn, Fe, Ca, and Mn. also found an association between Cr and Mg. Alterations in these minerals could also be due to differences in DMI.
The increase in serum albumin on d 7 and 21 of Cr supplementation (Table 3 ) may be due to increased amino acid synthesis in the liver, suggesting that Cr may improve amino acid synthesis, possibly via insulin. Schroeder et al. (1965) concluded that Cr plus insulin enhanced incorporation of several amino acids into protein in rats. Hematocrit values were higher in calves given supplemented Cr on d 14 and 21. This suggests that animals given supplemental Cr were more dehydrated and negates the possibility that increased weight gains were due to hydration. Mertz and Roginski (1969) also noted that the increased BW of stressed rats given supplemental Cr was not due to increased water content of organs but was accompanied by at least a proportional increase of organ protein. Generally, Hct declined during the first 14 d (Table 31 , consistent with the findings of Cole et al. ( 1982) , indicating rehydration. Hematocrit is also an indicator of anemia. Increased Hct may suggest increased red blood cell production from bone marrow. To make more definitive statements there is need to examine hemoglobin levels and other red blood cell indices.
Implications
This research has confirmed beneficial effects of supplemental Cr for stressed feeder calves as evidenced by improved performance and immunocompetence. Reducing morbidity as well as stimulating weight gains through improved mineral nutrition could significantly affect profitability of feedlot and stocker operations. Inclusion of Cr in preconditioning diets or during marketing and shipping as well as in receiving diets may be most effective. Supplemental Cr could reduce the preventative and therapeutic use of antibiotics and possibly enhance the effectiveness of vaccines. This research has implications not only for beef but also for dairy and veal calves.
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